
E43

The AAPS Journal 2007; 9 (1) Article 5 (http://www.aapsj.org).

                INTRODUCTION 
 Bioanalytical method validation (BMV) employed for the 
quantitative determination of drugs and their metabolites in 
biological fl uids plays a signifi cant role in the evaluation 
and interpretation of bioavailability, bioequivalence, phar-
macokinetic, and toxicokinetic study data. These studies 
generally support regulatory fi lings. The quality of these 
studies is directly related to the quality of the underlying 
bioanalytical data. It is therefore important that guiding 
principles for the validation of these analytical methods be 
established and disseminated to the pharmaceutical com-
munity. This chapter provides historical perspectives in the 
evolution and development of the BMV guidance. This 
guidance, virtually in one form or another, has been adopted 
universally as a standard procedure for validating bioana-
lytical assays used for pharmacokinetic, bioavailability, and 
bioequivalence studies intended for regulatory submission.  

  FIRST BIOANALYTICAL METHOD WORKSHOP 
 Analytical methods employed for the quantitative determi-
nation of drugs and their metabolites in biological samples 
must generate reproducible and reliable data in order to per-
mit valid interpretation of the studies they support. It is 
essential to employ well-characterized and fully validated 
analytical methods to yield reliable results that can be satis-
factorily interpreted. It is recognized that analytical meth-
ods and techniques are constantly undergoing changes and 
improvements; and in many instances, they are at the cut-
ting edge of the technology. It is also important to empha-
size that each analytical technique has its own characteristics, 
which will vary from analyte to analyte — in these instances, 
specifi c validation criteria may need to be developed for each 
analyte. Moreover, the appropriateness of the technique may 
also be infl uenced by the ultimate objective of the study. 
 While validation of each method will stand on its own, there 
may be situations when comparison of methods will be nec-
essary (eg, when more than one method has been employed 
in a long-term study). When sample analysis for a given 

study is conducted at more than one site, it is necessary to 
validate the analytical method(s) at each site and provide 
appropriate validation information for different sites to 
establish interlaboratory reliability. Unless a method is used 
on a regular basis to provide confi dence in its continued 
validity, it is essential to document that the method is still 
valid prior to analysis of samples in a study. 
 Before the fi rst BMV workshop, there was a lack of unifor-
mity in conducting validation of bioanalytical methods and 
submission of data to regulatory agencies. The bioanalytical 
validation workshop in 1990 was the fi rst major workshop 
dedicated to investigating and harmonizing procedures 
required in method validations. The workshop was cospon-
sored by the American Association of Pharmaceutical 
Scientists (AAPS), the United States Food and Drug Admin-
istration (FDA), the International Pharmaceutical Federa-
tion (FIP), the Health Protection Branch (HPB), and the 
Association of Analytical Chemists (AOAC). The confer-
ence focused on requirements for bioanalytical methods 
validation, procedures to establish reliability of the analyti-
cal method, parameters to ensure acceptability of analytical 
method performance, method development (prestudy vali-
dation), and method application (in-study validation). The 
workshop defi ned essential parameters for BMV — accuracy, 
precision, selectivity, sensitivity, reproducibility, limit of 
quantifi cation, and stability — and addressed  “ how to ”  eval-
uate and determine these parameters. In addition to defi ning 
various bioanalytical method validation parameters, the 
workshop discussed appropriate method validation proce-
dures and defi ned the standard curve, recovery, and repli-
cate analysis. It was clarifi ed that it is not essential to have 
100% recovery, but it is important that the recovery be 
reproducible. It was also stressed that in most of the chro-
matographic assays, duplicate or replicate analysis was not 
needed as it did not add any value to the analytical results. 
The workshop clearly identifi ed 2 distinct phases of BMV: 
(1) analytical method development (prestudy validation), 
where the appropriate bioanalytical method with its various 
parameters is developed, and the assay is defi ned; and (2) 
application of the bioanalytical method to actual analysis of 
samples from bioavailability, bioequivalence, and pharma-
cokinetic studies. One of the most important outcomes of 
the fi rst workshop was that it defi ned  “ the acceptance crite-
ria for a run. ”  
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 The workshop was attended by more than 575 scientists 
from around the world. The workshop report was published 
in  Pharmaceutical Research  1  and in 4 additional journals 
for better dissemination of the information. The workshop 
report served well as an industry outline for practice by bio-
analytical laboratories and as a reference for regulatory agen-
cies worldwide. The report provided guiding principles for 
BMV, defi ned validation parameters, provided specifi c rec-
ommendations for BMV, provided acceptance criteria for 
analytical runs, and suggested a priori establishment of a pro-
tocol for repeat analysis. The workshop brought all relevant 
issues related to bioanalytical methodology together and pro-
vided a platform for scientifi c discussions and deliberations. 
It raised awareness among scientists that validated analytical 
methods were needed if in vivo data were to be accepted. 
 Although the workshop addressed bioanalysis in general, it 
acknowledged the differences between chromatographic 
and ligand binding (nonchromatographic based) methods. 
The workshop also brought about the convergence of views 
of stake holders — industry, contract research organizations, 
academia, and regulatory scientists — and established gen-
eral standards for acceptance criteria for BMV. The outcome 
of the fi rst workshop and its report resulted in improved 
quality of data submissions to regulatory authorities.  

  DRAFT BIOANALYTICAL METHODS VALIDATION 
GUIDANCE 
 The fi rst workshop was well received within the global phar-
macokinetics community. The need to validate bioanalytical 
methods and the development and acceptance of general 
standards for their conduct, brought about signifi cant 
improvements in the quality of bioanalytical methods and in 
the submission of pharmacokinetic, bioavailability, and bio-
equivalence studies to the FDA. Subsequently, several 
national and international conferences were held to discuss 
the fi rst workshop report. However, the workshop report was 
not an offi cial document of the FDA. Therefore, the agency 
decided to develop and publish a draft guidance in January 
1999. 2  The draft guidance was primarily based on the fi rst 
workshop report and the experience gained by the agency 
since the fi rst workshop. The intentions here were to seek 
public comment before fi nalizing the BMV Guidance.  

  SECOND BIOANALYTICAL METHOD WORKSHOP 
 The second workshop was cosponsored by AAPS and the 
FDA and was held in January 2000, 1 year after the publica-
tion of the draft guidance by the agency. This workshop pro-
vided stimulus and opportunity for scientists to air their 
views and share their experiences over the 10 years since 
the fi rst workshop report on analytical methods validation 
was issued. This forum also offered the opportunity for sci-
entists to comment on the draft guidance, which had further 

helped to produce consistency, effi ciency, and scientifi c 
validity in the procedures used in validating and implement-
ing analytical methods within the industry. 
 The workshop focused on discussing the advances in ana-
lytical technology that had occurred over the past decade 
and reconfi rmed and updated the principles of BMV. 
There had been signifi cant advancements in the fi eld of 
mass spectrometry, with the development of new inter-
faces and ionization techniques. These advancements 
resulted in the rapid emergence and widespread commer-
cial use of  “ hyphenated ”  mass spectrometry-based assays 
(eg, liquid chromatography-mass spectrometry-mass 
spectrometry [LC-MS-MS]), which have largely replaced 
conventional high-performance liquid chromatography 
(HPLC), gas chromatography (GC), and GC-MS assays. 
During this time, the use of multi-well plates, automated 
robotic sample processing, and electronic data reporting 
became very common. Given the certainty of continued 
technological advances, the future will very likely bring 
new, even more powerful bioanalytical approaches as the 
search for more rapid throughput and increased sensitiv-
ity continues. 
 Despite these widespread changes in technology, there 
remains a need for clearly defi ned validation criteria for 
bioanalytical methods intended for analysis of each analyte 
(drug and/or metabolites) in various biological matrices. In 
the case of  “ hyphenated ”  mass spectrometry techniques, 
such as LC-MS-MS, there are unique requirements that 
demand attention. The second workshop discussed the 
advances in  “ hyphenated ”  mass spectrometry and ligand 
binding assays. Selectivity issues in ligand binding assays 
were discussed in detail. Ligand binding assays must be 
selective for the analyte. Two types of issues must be con-
sidered: (1) interference from substances that are physico-
chemically similar to analyte (eg, metabolites, endogenous 
compounds) and (2) interference from matrix components 
(also termed  “ matrix effects ” ) that are unrelated to the ana-
lyte. In ligand binding assays, standard curves are inher-
ently nonlinear and require more concentration points to 
defi ne the curve. Accuracy in these types of assays may be 
improved by the use of replicate (duplicate or even tripli-
cate) sample analysis. However, the same procedures must 
be followed for unknown samples. 
 The second workshop also discussed different categories of 
validation; namely, Partial Validation, Cross-Validation, 
and Full Validation. The workshop reemphasized that it is 
not necessary to have 100% recovery, but it is important to 
have reproducible and consistent recovery when using an 
extraction procedure. The importance of standard curve and 
quality control acceptance criteria were reemphasized. This 
workshop resulted in the report  “ A revisit with a decade of 
progress ”  3  and formed the basis for FDA Guidance on 
Bioanalytical Methods Validation (May 2001). 4   
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  FDA GUIDANCE ON BIOANALYTICAL METHOD 
VALIDATION 
 Bioanalytical method validation includes all of the proce-
dures required to demonstrate that a particular bioanalytical 
method for the quantitative determination of the concentra-
tion of an analyte (or series of analytes) in a particular 
biological matrix is reliable for the intended application. 
The most widely employed bioanalytical techniques 
include, but are not limited to, conventional chromato-
graphic-based methods (such as GC and HPLC), mass 
spectrometry-based methods (such as GC-MS and LC-MS), 
and ligand-based assays (such as radioimmunoassay [RIA] 
and enzyme-linked immunosorbent assay [ELISA]). Many 
of the principles, procedures, and requirements for quantita-
tive bioanalytical method validation are common to all types 
of analytical methodologies. Some of the key elements of 
the fi nal FDA Guidance on BMV 4  are given below. The 
reader is advised to review the guidance for more details.  

  BIOANALYTICAL METHOD DEVELOPMENT AND 
ESTABLISHMENT (CHEMICAL ASSAYS) 
 The following principles of bioanalytical method validation 
provide steps for the development of a new method or for 
establishing an existing method. The parameters essential to 
ensure the acceptability of the performance of a bioanalyti-
cal method are accuracy, precision, selectivity, sensitivity, 
reproducibility, and stability. The guidance provides  “ how 
to ”  information for determining these parameters. The sta-
bility of the analyte in biological matrix at intended storage 
and operating conditions should be established. The guid-
ance also establishes the requirements for a standard curve. 
The matrix-based standard curve should consist of a mini-
mum of 5 standard points, excluding blanks, using single or 
replicate samples, and should cover the entire range of 
expected concentrations. All these parameters need to be 
defi ned during the Full Validation of a bioanalytical method. 
The lower limit of quantitation (LLOQ) should serve as the 
lowest concentration on the standard curve and should not 
be confused with the limit of detection (LOD). There are 2 
distinct phases of BMV: (1) the bioanalytical method devel-
opment phase in which the assay is defi ned and validated, 
and (2) the application to actual analysis of samples from 
pharmacokinetic, bioavailability, bioequivalence, and drug 
interaction studies. Quantifi cation of metabolites and of ste-
reoisomers, if and when considered necessary, should follow 
an identical protocol for validation including accuracy, preci-
sion, selectivity, sensitivity, reproducibility, and stability.  

  APPLICATION OF A VALIDATED BIOANALYTICAL 
METHOD TO ROUTINE DRUG ANALYSIS 
 The routine analysis of biological samples can be done by 
single determination without a need for duplicate or repli-

cate analysis. A matrix-based standard curve should be gen-
erated for each analytical batch for each analyte and should 
be used for calculating the concentration of analyte in the 
unknown samples assayed with that run. It is important to 
use a matrix-based standard curve that will cover the entire 
range of concentrations in the unknown samples. Estimat-
ing the concentration of unknowns by extrapolating the 
standard curve below the LLOQ or above the upper limit of 
quantitation (ULOQ) is not recommended. Instead, it is 
recommended that the standard curve be redetermined or 
samples be re-assayed after dilution with the matrix. The 
matrix-based quality control (QC) samples spiked with 
analyte should be used to accept or reject the run.  

  BIOANALYTICAL METHODS VALIDATION FOR 
MICROBIOLOGICAL AND LIGAND-BASED ASSAYS 
  Selectivity Issues 
 As with chromatographic methods, ligand binding assays 
must be shown to be selective for the analyte. Two types of 
selectivity may be considered: (1)  “ Specifi c ”  (interference 
from substances that are physicochemically similar to the 
analyte), and (2)  “ Nonspecifi c ”  (also termed  “ matrix 
effects ” ; interference from matrix components that are unre-
lated to the analyte, such as from homolysis, serum pro-
teins, lipemia, etc).  

  Quantifi cation Issues 
 Immunoassay standard curves are inherently nonlinear and, 
in general, require more concentration points to defi ne the fi t 
over the standard curve range than do chemical assays. For all 
assays, the key factor is the accuracy of the  reported results . 
This accuracy may be improved by the use of replicate (dupli-
cate or even triplicate) sample analysis. In the case where rep-
licate analysis has to be performed to improve accuracy, the 
same procedure must be followed for unknown samples.   

  VALIDATION 
 It is accepted that during the course of a typical drug devel-
opment program, a defi ned bioanalytical method will 
undergo many modifi cations. These evolutionary changes 
(eg, addition of a metabolite, lowering of the LLOQ) require 
different levels of validation to demonstrate continuity of 
the validity of an assay ’ s performance. Three different lev-
els/types of method validations, Full Validation, Partial Val-
idation, and Cross-validation, are defi ned and characterized 
as follows. 

  Full Validation 
 Full Validation is necessary when developing and imple-
menting a bioanalytical method for the fi rst time for a new 
drug entity. If metabolites are added to an existing assay for 
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quantifi cation, then Full Validation of the revised assay is 
necessary for all analytes measured.  

  Partial Validation 
 Partial Validations are modifi cations of validated bioanalytical 
methods that do not necessarily require full revalidations. Par-
tial Validation can range from as little as 1 assay accuracy and 
precision determination to a  “ nearly ”  Full Validation. Typical 
bioanalytical method changes that fall into this category 
include, but are not limited to, bioanalytical method transfers 
between laboratories or analysts, instrument and/or software 
platform changes, change in species within matrix (eg, rat 
plasma to mouse plasma), changes in matrix within a species 
(eg, human plasma to human urine), change in analytical meth-
odology (eg, change in detection systems), and change in sam-
ple processing procedures.  

  Cross-validation 
 Cross-validation is a comparison of 2 bioanalytical meth-
ods. Cross-validations are necessary when 2 or more bioan-
alytical methods are used to generate data within the same 
study. For example, an original validated bioanalytical 
method serves as the  “ reference ”  and the revised bioanalyti-
cal method is the  “ comparator. ”  The comparisons should be 
done both ways. Cross-validation with spiked matrix and 
subject samples should be conducted at each site or labora-
tory to establish interlaboratory reliability when sample 
analyses within a single study are conducted at more than 1 
site, or more than 1 laboratory, and should be considered 
when data generated using different analytical techniques 
(eg, LC-MS-MS vs ELISA) in different studies are included 
in a regulatory submission.   

  ACCEPTANCE CRITERIA FOR THE BATCH 
       •     Standards and QC samples can be prepared from the 

same spiking stock solution, provided the solution 
stability and accuracy have been verifi ed. A single 
source of matrix may also be used, provided selectiv-
ity has been verifi ed. 

   •     Standard curve samples can be positioned anywhere 
in the run. 

   •     Matrix-based standard calibration samples: 75%, or a 
minimum of 6 standards, when back-calculated 
(including ULOQ) should fall within  ± 15% of 
nominal, except for LLOQ when it should be within 
 ± 20% of the nominal value. 

   •     Quality-control samples: replicate quality-control 
samples, (at least duplicated), at a minimum of 3 
concentrations (1 within 3× of the LLOQ, low QC; 1 
in the midrange, middle QC; and 1 approaching the 
high end of the range, high QC) should be incorpo-

rated into each run. The results of the QC samples 
provide the basis of accepting or rejecting the run. At 
least 67% (4/6) of the QC samples must be within 
15% of their respective nominal (theoretical) values; 
33% of the QC samples (not all replicates at the 
same concentration) may be outside the  ± 15% of the 
nominal value.  

      CONCLUSIONS 
 The FDA Guidance 4  represents the fi nal synthesis of the 2 
workshops held in 1990 and 2000, with the Draft Guidance 
providing a constructive and building bridge between the 2 
important workshops. The fi nal Guidance published in 2001 
incorporates most of the recommendations from the work-
shop reports. 
 The Guidance represents the Agency ’ s best scientifi c judg-
ment and current thinking at the time of guidance develop-
ment. It is a living document and may need to be updated as 
more information is available. The Guidance is an informal 
and nonbinding document and does not create or confer any 
rights for or on any person and does not operate to bind the 
FDA or the public. An alternate approach may be used if 
such approach satisfi es the requirements of the applicable 
statute, regulations, or both. 
 The Guidance provides consistency in procedure. It reduces 
differences in approach within the industry concerning vali-
dation and implementation of analytical methods. It also 
makes the process effi cient and technically valid. It is impor-
tant to note that no conference report or guidance can cover 
all issues and/or  all  what if ’ s,  and there is no substitute for 
common sense. Each issue should be evaluated in full light 
of the objectives and aims of analysis, scientifi c basis, and 
proof for deviation or anomalous observation. There is no 
substitute for  “ Good Science. ”  The Guidance can provide 
only the guiding principles. 
 Since bioanalytical methods underpin the appropriate evalu-
ation and interpretation of pharmacokinetic, bioavailability, 
and bioequivalence study data, the integrity of the bioanalyt-
ical method should be maintained. The FDA Guidance helps 
in guiding the scientists in the right direction to develop an 
appropriately validated bioanalytical method for submitting 
to regulatory authorities. 
 Bioanalytical tools and techniques continue to evolve. In 
addition, signifi cant scientifi c and regulatory experience has 
been gained since the last workshop in 2000 and issuance 
of the Guidance in 2001. The evolution and expansion of 
bioanalytical tools require a critical review of the scope, 
applicability, and success of the presently employed bioana-
lytical guiding principles. To address this, the third workshop 
in the series was held in May 2006. The purpose of this 
workshop was to identify, review, and evaluate problems, 
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common practices, the existing Guidance, white papers, and 
articles on the subject. The focus of the workshop was pri-
marily on quantitative bioanalytical methods ’  validation and 
their use in sample analysis, focusing on chromatographic 
and ligand binding assays. A report of this workshop is in 
this theme issue of  The AAPS Journal . 5    
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